Although macroglobulinemia of Waldenstr6m is a rare disorder, the physicochemical modification of macroglobulins therein has broad implications, since similar large proteins may be involved in the pathogenesis of symptoms associated with a variety of relatively common diseases; i.e., Rh isosensitization, hemolysis due to cold agglutinins, and so on. Also, a number of normally occurring proteins (properdin, isohemagglutinins, and others) are macroglobulins.
In macroglobulinemia of Waldenstr6m the pathological proteins are responsible for the increased serum viscosity which is usually present (1) . In certain instances the macroglobulins also possess the properties of cryoglobulins or cryogelglobulins, i.e., they precipitate or gel at temperatures lower than 370 C (2). These abnormal proteins (paraproteins) may be responsible for the production of Raynaud's phenomenon, ulcerations or gangrene. High environmental temperature may be somewhat helpful in preventing the damaging effects of cryo or cryogelglobulins. Plasmapheresis and exchange transfusions have not been found to be satisfactory in the elimination of the paraproteins over long periods of time (3, 4) . Therefore, another avenue of investigation into phenomena related to these substances has been explored.
Deutsch and Morton (5) [3 + (2) ].
Freshly drawn heparinized whole blood atid fresh serum as well as aged serum (stored at -200 C for 7 days) were used in these studies. In addition to the whole blood and serum from the patient with macroglobulinemia, heparinized whole blood samples from 7 patients with multiple myeloma and from 4 normal persons were examined.
Chemical substances used were DL-peiiicillamine (DLdimethylcysteine) ,2 cysteamine (#-mercaptoethylamine) ,3
penicillin G potassium (Squibb) and Benemid (Merck). Antiserum against the patient's serum that was rich in macrocryogelglobulin (aB) was prepared by injecting 1 ml of fresh macrocryogelglobulin serum into the marginal ear veins of a 2 kg rabbit every other day during a 10 day period. After 10 additional days, the rabbit was exsanguinated under sterile conditions by percutaneous cardiac puncture. The serum (aB) was stored at + 40 C. formnation, Sia test, forimiol gel test, thermosedimentatio1t rate antd protein contentt of serum a. To 2 ml of freshly drawn serum from the patient with macroglobulinemia, 0.2 ml of 0.9 per cent sodium chloride solution was added. This sample served as a control. To a second sample of macroglobulin serum, 20,000 U of penicillin G potassium (Squibb) dissolved in 0.2 ml of 0.9 per cent sodium chloride solution, was added. The serum samples were incubated at 370 C for 30 minutes. This procedure was also applied to aged serum. Immediately before and after incubation with penicillin G, the sera were tested for gel formation at 40, 130 and 200 C; the viscosity was determined at 20°C; the Sia test and formol gel test were performed.
b. Ten million U of penicillin G potassium in 250 ml of 5 per cent glucose in water was infused intravenously within 1 hour. Viscosity of the serum was determined immediately before and after the injection and at 30 and 90 minutes thereafter. The sedimentation rates were determined at 37°C immediately before and after penicillin administration. Determination of total serum proteins and paper electrophoretic examination were carried out on serum samples removed immediately before and after penicillin infusion.
c. The same procedure was repeated with penicillin G potassium dissolved in only 100 ml of 5 per cent glucose in water.
d. The procedures were identical with those under 2b except for the additional administration of Benemid in a dose of 250 mg every 6 hours, begun 12 hours prior to the infusion of penicillin and continued to the end of the tenth day. The serum viscosity was measured immediately before and after the administration of penicillin and at time intervals of 1, 2, 24, 48 and 72 hours. The thermosedimentation rates were obtained by determining the sedimentation rates of heparinized blood samples simultaneously at 4, 13, 25 and 370 C (Wintrobe). 3 . Studies of the effect of cysteamine upon the viscosity, gel formation and Sia test a. Two-tenths ml of freshly prepared cysteamine solutions of varying concentrations (1.0, 0.1 and 0.01 per cent) was added to 2 ml of aged serum. To a fourth serum sample which served as a control, 0.2 ml of 0.9 per cent sodium chloride solution was added. All samples were incubated at 200 C for 15 minutes; the -1 rel., gel formation and Sia test were determined immediately before and after incubation and 24 hours later (serum was stored at 40 C). b. The intravenous infusion of 10 million U of penicillin G potassium was followed by an immediate sharp drop of the relative viscosity of the serum from 243 to 54.8 (77 per cent, Figure 5 ). Ninety minutes following the completion of the infusion there was an increase of viscosity to 130.
The sedimentation rate prior to the penicillin administration was quite low (3 mm after 1 hour at 370 C) ; whereas after penicillin infusion the RetIsUv VI(coalty ( sedimentation rate increased to 64 mm after 1 hour at 370 C ( Figure 6C, a) .
c. The infusion of 10 million U of penicillin G dissolved in 100 ml of 5 per cent glucose in water produced a decrease of serum viscosity almost identical with that seen following the infusion of penicillin in 250 ml of 5 per cent glucose in water (2b). The sedimentation rate (370 C) became rapid after penicillin infusion (from 17 to 67 mm after 1 hour, Figure 6C, b) .
d. A third infusion of 10 million U of penicillin G potassium was combined with the administration of Benemid. Again, the drop in relative viscosity was striking (from 175.5 to 85.9), but no rebound phenomenon occurred. Indeed, the viscosity decreased further to 14.0 during the next hour with a total reduction of 92 per cent in relative viscosity at the end of 2 hours. Follow-up studies revealed a slight increase of viscosity during the next three days; after five days the original viscosity had been exceeded (Figure 7) . (Figure 8) . Gel formation was abolished between 40 and 200 C and the Sia test became negative in all three treated serum samples.
b. Essentially the same pattern was obtained in fresh serum (Figure 9 ). tin line between the antibody (aB) and antigen wells ( Figure 10A ). b. The addition of DL-penicillamine resulted in the disappearance of the macroglobulin precipitin line and an increase of the y-globulin line which shares partial antigenicity with the gamma line between B and aG (Figure lOB) .
c. Penicillin G potassium did not evoke any obvious changes of the precipitin pattern ( Figure  lOC) .
d. The addition of cysteamine to the agar gel resulted in disappearance of the macroglobulin precipitin lines, and an increase of the y-globulin precipitin lines was noted (Figure lOD) . DISCUSSION DL-Penicillamine is used as a chelating agent in heavy metal poisoning (10) and in Wilson's disease (11) (12) (13) . Toxic side effects, such as inhibition of growth in animals (14) , interference with vitamin B6 utilization (12, (14) (15) (16) and the activity of some hepatic transaminases (16, 17) as well as dermatological manifestations (18) have been produced by the L-form of penicillamine.
EFFECT OF MERCAPTANES UPON A MACROCRYOGELGLOBULIN
D-Penicillamine appears to be nontoxic (14) . The high price of this compound, however, limits its liberal clinical use. Penicillin is partly metabQlized into D-penicillamine (12, (19) (20) (21) . The above observations indicate that both penicillin (or a breakdown product of penicillin) and DL-penicillamine produce pronounced changes in the physical characteristics of the serum both in vivo and in vitro. Also, after penicillamine and penicillin therapy there was marked clinical improvement, which was reflected by disappearance of cold intolerance, cessation of hemorrhagic diathesis with normalization of clotting status, increase in appetite and weight, and generalized feeling of wellbeing.
Following depolymerization of macroglobulins with mercaptanes, there is usually a pronounced rebound of the rel. (Figures 1, 5, 7) . Thus, the v rel. may even exceed the original value within one hour (8) . The pronounced rebound of -j rel. following the infusion of penicillin G imitates this characteristic feature of depolymerization although the alterations in the physical characteristics of the serum reported herewith could theoretically be due to some molecular modification other than depolymerization. The prolonged decrease of serum viscosity and increase in thermosedimentation rate following the penicillin infusion with Benemid suggest increased retention and sustained action of either penicillin or a metabolite, such as penicillamine. The altered pattern of thermosedimentation rate following treatment with penicillin and penicillamine both in vitro and in vivo is similar to that seen in some untreated myeloma sera with 7S paraproteins ( Figure 6B ).
The failure of the relative viscosity to return completely to normal may be due either to persistence of macroglobulins or to an increased amount of 7S globulins. In the presence of macroglobulins without cryo or cryogel properties the serum viscosity is higher than normal. However, it has been conclusively shown that increased quantities of 7S y-globulins can also produce slightly increased X rel. This is particularly true in the presence of 7S paraproteins, such as multiple myeloma protein (22) . Disintegration of a pathological macroglobulin may result in the production of such a small sized paraprotein.
On theoretical grounds, removal of the macroglobulin from the blood could explain these findings. Unchanged total serum protein and electrophoretic results of the examined serum samples immediately before and after treatment with penicillamine in vitro and in vivo rule out this possibility. Furthermore, Isliker's findings (8) of pronounced reduction in the serum viscosity with subsequent rebound following the depolymerization of the a2-macroglobulin are similar to observations made following treatment of our serum samples with penicillamine and penicillin.
The change in the Sia test readings may be attributed to reduction in the molecular size of the macroglobulin, since the precipitation of the paraproteins appears to be independent of the cryo or cryogel properties. According to Steel (23) the Sia test can be employed in testing the stability of macroglobulins. In contrast, the abolishment of gel-forming characteristics following treatment with penicillin, penicillamine and cysteamine can be explained by inactivation of the cryogel properties of the macroglobulin without additional dissociation of the macromolecule.
Hitzig, however, has been able to demonstrate (24) a slow spontaneous dissociation of this macrocryogelglobulin of an aged serum sample. The addition of cysteamine to the serum and to the purified macrocryogelglobulin greatly accelerated this dissociative process. This finding is comparable with the results of Metais and Warter [cited by Hitzig and Isliker (25) ] who found a slowly decreasing high molecular fraction from the serum of a patient with macroglobulinemia merely after dilution. Steel (23) also observed spontaneous dissociation of isolated macroglobulins at room temperature and at 370 C. We (26) have encountered decreasing serological activity as reflection of depolymerization of macromolecular cold agglutinins during a storage period of four months at -200 C. Spontaneous dissociation probably accounts for the lower 7 rel. of aged macroglobulin serum, as seen in samples of aged macrocryogelglobulin serum.
The profound decrease of relative viscosity following incubation of the serum with cysteamine may thus reflect dissociation of the macroglobulin (8) . Reduction of viscosity, abolishment of gel formation and conversion of a strongly to a weakly positive or negative Sia test following in vitro treatment of the macroglobulin serum with penicillamine and penicillin, as well as following adminis-tration of these agents to the patient, were simiiilar quantitatively and (quialitativrely. Both l)elnicillamiiine (26) (27) (28) in zivo, anid cysteaiminle (8, 24, 25) in vitro are able to depolymerize miiacroglobulins as demonstrated by ultracentrifugation. The marked changes of viscosity, Sia test and gel formation in the macroglobulin are certainly compatible with dissociation of the macroglobulin. The electrophoretic changes of penicillaminetreated serum favor this suggestion. The resemblance of the reaction pattern of penicillin G upon the mnacroglobulin is suggestive of the same mechanism. The inactivity of penicillin in the agar gel diffusion test supports, however, the concept that a metabolite of penicillin (D-penicillamine?) may be responsible for the in vivo action. The conversion of penicillin into D-penicillamine appears to be dependent upon certain agents present in serum. The lack of activity of penicillin, incorporated into agar-gel, could thus be explained.
Regardless of the underlying mechanism, this biochemical approach to macroglobulinemias, particularly those with cryo or cryogel characteristics, may be of clinical value. This is supported by the marked clinical improvement of the patient under study. Description of this observation will be reported elsewhere.
SUMMARY
The effects of penicillin G potassium, DL-penicillamine and cysteamine upon a macrocryogelglobulin were investigated. Changes of serum viscosity, thermosedimentation rates, gel formation, Sia test, total serum protein, paper electrophoretic characteristics and immunophoretic properties served as indicators.
Administration of DL-penicillamine produced a marked sustained decrease of relative viscosity and an increase of sedimentation rate. DL-Penicillamine, added to macrocryogelglobulin serum in vitro resulted in marked decrease of relative viscosity, widening of macroglobulin fraction in electrophoretic pattern, and a negative Sia test and abolishment of gel formation.
Penicillin G added to serum produced a marked decrease of relative viscosity, a negative Sia test and abolishment of gel formation.
Penicillin G, 10 million U given intravenously, lowered the serum viscosity by 77 per cent within one lhour anid inicreased the previously low sedimiientatioin rates sharply. Rapid rebound of viscosity occturred.
The coincidenit admiiinistrationi of Benemid with penicillin enhanced this effect and delayed rebound of viscosity considerably.
Addition of cysteamine to serum resulted in dosage-dependent decrease of relative viscosity.
Agar diffusion studies revealed the simultaneous disappearance of the macroglobulin precipitin line and a quantitative increase in the y-globulin line with DL-penicillamine and cysteamine; no changes were produced by penicillin G.
It is suggested that the compounds studied were responsible for abolishment of cryogel properties and probably produced dissociation of the macroglobulin. Possible clinical implications are mentioned.
